Background: Obesity and asthma often coexist. We hypothesized that detailed body fat distribution measures might be more strongly associated than body mass index (BMI) with childhood asthma. Objective: We examined the associations of total body and abdominal fat measures with respiratory resistance (Rint), fractional exhaled nitric oxide (FENO), and risks of wheezing and asthma in school-aged children. Methods: In a population-based prospective cohort study among 6178 children aged 6 years, we measured BMI, fat mass index, android/gynoid ratio, and preperitoneal and subcutaneous fat mass by physical examinations, dual-energy x-ray absorptiometry, and ultrasound, respectively. We performed Rint and FENO measurements, and assessed physician-diagnosed wheezing and asthma by questionnaires.
Asthma and obesity are 2 of the leading chronic childhood morbidities in developed countries with reported prevalences up to 10% and 25%, respectively. 1, 2 It has been hypothesized that obesity leads to asthma. A proposed underlying mechanism is that a higher body mass index (BMI) leads to an increased production of systemic proinflammatory mediators by fat tissue, with subsequent airway inflammation and an increased risk of asthma. 3 Alternatively, an increased BMI might lead to increased intrathoracic and abdominal fat deposition. This might reduce the pulmonary vital capacity and increase obstruction-related respiratory resistance and the risk of asthma symptoms. 3 Most studies that assessed the obesity-asthma link use BMI as a proxy for body fat and body composition. The major limitation of BMI is that it does not distinguish fat mass from free-fat mass, 4 while it is suggested that fat mass distribution is more strongly associated with adverse health risks. 5 Higher visceral fat mass has been associated with cardiometabolic diseases, which might be due to an increased secretion of leptin. 3, 6 Therefore, more detailed measurements of total and abdominal fat mass distribution might be better predictors for the development of asthma. 4 Studies that assessed detailed adiposity measures are scarce, are mainly performed in adults, and show inconsistent results. The use of dual-energy x-ray absorptiometry and ultrasound allows a more accurate, fast, and precise measurement of body fat composition, including regional fat measurements, 7 and has been proven to be highly reproducible in children. 8 To test the hypothesis that fat mass distribution leads to higher obstruction-related respiratory resistance and airway inflammation, and subsequently increased risk of childhood asthma, we assessed the associations of BMI, total body fat mass, and abdominal fat mass measures with respiratory resistance (Rint), fractional exhaled nitric oxide (FENO), wheezing, and asthma among 6178 school-aged children participating in a populationbased prospective cohort study.
METHODS
This study was embedded in the Generation R Study, a population-based prospective cohort study of pregnant women and their children from fetal life onward in Rotterdam, The Netherlands. 9 The study protocol was approved by the Medical Ethical Committee of the Erasmus University Medical Center, Rotterdam (MEC-2007-413-NL21545.078.0), and written informed consent of parents or legal guardians of participants was obtained.
Childhood body fat profile
At age 6 years, height and weight were measured. Body fat distribution was measured with a dual-energy x-ray absorptiometry scanner (GE-Lunar, 2008, Madison, Wis), and analyzed with enCORE v.12.6. 10 Total body fat mass (kg) was calculated as percentage of total body weight (kg) measured by dual-energy x-ray absorptiometry. Fat mass index (total body fat mass/ height 2 ) and android/gynoid fat mass ratios were calculated and used as total and regional fat measures, respectively. The android/gynoid fat ratio reflects the central body fat mass distribution in the abdominal (android) and hip (gynoid) region, and is generally used as a marker for waist/hip fat mass distribution. 11 Abdominal ultrasounds were used to measure subcutaneous fat and preperitoneal fat, a measure of visceral abdominal fat, as described in detail before. 7 We constructed Z scores [(observed value-mean)/SD] for all body fat measures, using known prevalences of overweight and obesity in children aged 6 years in The Netherlands (12.7% and 2.9%, respectively) 12 to enable comparison of the effect sizes of different outcome measures. To examine nonlinear associations and for clinical interpretation, we categorized body fat measures Z score into ''low'' (Z score < 21.00), ''normal'' (Z score > _21.00 and < _1.00), and ''high'' (Z score >1.00), which reflect the 16th and 84th percentiles. Categorization of body fat measures into tertiles resulted in similar results (data not shown). Additional information on body fat profile measures is provided in this article's Online Repository at www.jacionline.org.
Childhood lung function, wheezing, and asthma At age 6 years, lung function measurements were performed according to European Respiratory Society and American Thoracic Society recommendations. 13, 14 Rint was measured during expiration with occlusion of the airway at peak expiratory flow, and converted into sex-and height-adjusted Z scores. 15 FENO was measured using the NIOX Flex chemiluminescence analyzer (Aerocrine AB, Solna, Sweden). Additional information on Rint and FENO measures is provided in this article's Online Repository at www.jacionline.org. Information on the prevalence of wheezing in the past 12 months (no, yes) and ever physician-diagnosed asthma (no, yes) was collected by questionnaires adapted from the International Study on Asthma and Allergy in Childhood. 16 
Covariates
Potential covariates included early growth, and socioeconomic and lifestyle factors. In detail, maternal characteristics included age (years), prepregnancy BMI (kg/m 2 ), educational level (low, middle, high), history of asthma and atopy (no, yes), psychological distress during pregnancy (no, yes), parity (nulliparous, multiparous), and maternal smoking during pregnancy (no, yes), and were obtained from questionnaires during pregnancy. Maternal psychological distress in the second trimester of pregnancy was defined using the global severity index, a measure of current level or depth of the symptoms, and denotes overall psychological distress. 17 High scores represent an increased occurrence of overall distress, based on Dutch cutoffs. 17 We used parity as a proxy for siblings, and the correlation between those variables was high (k 5 0.87). Data on sex (female, male), gestational age (weeks), and birth weight (grams) of the children were obtained from midwife and hospital registries at birth. Information about ethnicity (European, non-European) and pet keeping (no; yes, cat, dog, or bird) in the first year was obtained by questionnaires. Postal questionnaires at 6 and 12 months provided information about ever breast-feeding (no, yes). Information on ever physician-diagnosed inhalant allergy (no; yes, pollen, house dust mite, or pets), physical activity (hours per day), and lower respiratory tract infections (no; yes, but not physician attended; yes, physician attended for bronchitis and/or pneumonia) was obtained by parental questionnaires at age 6 years.
Statistical analysis
We used linear and logistic regression models to examine the associations of body fat profile measures with Rint, FENO, wheezing, and asthma in children aged 6 years. We constructed age-and sex-adjusted Z scores for BMI using Dutch reference data (Growth Analyzer 3.5, Dutch Growth Research Foundation). Sex-specific weights were classified by the International Obesity Task Force cutoffs into underweight, normal, overweight, and obesity. 18 Because of low numbers of underweight children (n 5 55), we excluded these individuals from the analyses. First, models were adjusted for child's sex only. Second, to assess the influence of possible confounders, models were adjusted for growth-related factors (maternal prepregnancy BMI, child's gestational age at birth, and birth weight) and socioeconomic and lifestyle-related factors (maternal age, educational level, maternal smoking during pregnancy, history of asthma and atopy, psychological distress during pregnancy, parity, child's sex, ethnicity, breast-feeding, pet keeping, physical activity, and lower respiratory tract infections). Confounders were included in our models on the basis of the literature, if they were associated with both the determinant and the outcome and were not in the causal pathway, or if they changed the effect estimates with 10% or more. In addition, associations of total body and abdominal fat mass measures with Rint, FENO, wheezing, and asthma were adjusted for child's BMI. Missing data were less than 25%, except for maternal stress during pregnancy (26.5%). To reduce potential bias due to missing data on covariates, we performed multiple imputation generating 10 data sets by Markov chain Monte-Carlo and used the pooled estimates. 19 We log-transformed FENO due to skewed distribution and present those results in sympercents (sym%). 20 All other measures of association are presented as odds ratios (ORs) or Z score differences with their corresponding 95% CI. Statistical analyses were performed using SPSS version 21.0 for Windows (SPSS Inc).
RESULTS General
A total of 6178 children were included for the current analyses (see Fig E1 in this article's Online Repository at www.jacionline.org). Loss to follow-up was mainly due to nonresponse to questionnaires, and due to technical issues for Rint and FENO. Maternal and child characteristics are presented in Table I and Table E1 in this article's Online Repository at Values are *means 6 SD, medians (2.5-97.5th percentile), or percentages (absolute numbers) based on multiple imputation except for main risk factors and outcomes under study (current height and weight, BMI, total body and regional fat mass, abdominal fat mass, Rint, FENO, wheezing, and asthma).
www.jacionline.org. Of all children, 83.6% had a normal weight, 12.0% had overweight, and 4.5% were obese. Of all children, 9.4% wheezed in the past year and 6.1% were ever diagnosed by a physician with asthma. All characteristics, except for maternal history of asthma or atopy and parity, and child's sex and breastfeeding, differed between subjects included and those lost to follow-up (see Table E2 in this article's Online Repository at www.jacionline.org).
BMI, lung function, and asthma
In the full model, a higher BMI was associated with a higher Rint and increased risk of wheezing (Z score [95% CI], 0.06 [0.01-0.12] and OR [95% CI], 1.07 [1.00-1.14]), respectively, per Z-score increase in BMI but not with FENO or asthma (Fig 1, A-D) . Compared with normal weight, overweight was associated with a higher Rint (Z score [95% CI], 0.36 [0.07-0.65]) (Fig 1, A) . Obesity was associated with an increased risk of wheezing (OR [95% CI], 2.09 [1.22-3.57]) (Fig 1, C) . Underweight was not associated with Rint (see Table E3 in this article's Online Repository at www.jacionline.org).
Total and abdominal fat measures, lung function, and asthma
Fat mass index was not linearly associated with Rint, FENO, wheezing, or asthma. When categorized, we observed that a high fat mass index was associated with a higher Rint (Z score, 0.40 [0.13-0.68]), compared with a normal fat mass index. Continuous regional android/gynoid fat mass ratio was associated with a lower FENO (sym% difference, 22.8 [24.9 to 20.6] per Z-score increase in android/gynoid fat mass ratio), but not with Rint, wheezing, or asthma. A high android/gynoid fat mass ratio, compared with normal android/gynoid fat mass ratio, was associated with a lower FENO (sym%, 29.8 [216.3 to 23.4]). Subcutaneous fat area was not associated with any asthmarelated outcome (Table II) . Also, we did not observe associations of preperitoneal fat area with Rint, wheezing, or asthma. Higher preperitoneal fat area was associated with a higher FENO (sym% difference, 2.6 [0. 3, 5 .0]) per Z-score increase in preperitoneal fat area. When categorized into 3 groups, high preperitoneal fat area was associated with higher FENO (sym% difference, 6.5 [0.1-12.9]) compared with normal preperitoneal fat area. When we also adjusted the associations of total body and abdominal 2 increase in BMI, from logistic or linear regression models (*P < .05 and **P < .01). Models were adjusted for maternal age, prepregnancy BMI, educational level, history of asthma and atopy, psychological distress during pregnancy, parity, smoking during pregnancy, and child's sex, gestational age at birth, birth weight, ethnicity, breast-feeding, pet keeping, physical activity, lower respiratory tract infections, and current height. Table E4 in this article's Online Repository at www.jacionline.org). When we mutually adjusted for android/gynoid ratio and preperitoneal fat area and their associations with FENO, the size and the directions of the effect estimates remained (Z scores [95% CI], 4.4 [1.7-7.1] and 23.9 [26.6 to 21.2], respectively).
DISCUSSION
We observed that a higher BMI was associated with a higher Rint and an increased risk of wheezing in school-aged children. Detailed assessment of total body fat mass distribution showed that a higher fat mass index was associated with a higher Rint, whereas a higher android/gynoid fat mass ratio was associated with a lower FENO. A higher preperitoneal fat mass, a measure of visceral abdominal fat, was associated with a higher FENO. No other associations of specific childhood body fat mass measures with Rint, FENO, wheezing, or asthma were observed.
Comparison with previous studies
A recent meta-analysis of 6 cohort studies comprising 25,000 children aged 5 to 14 years examined the association between obesity and physician-diagnosed asthma, at least 1 year after BMI assessment, and observed that overweight and obese children had a 1.35-and 1.50-fold increased risk of asthma, respectively. 21 The use of BMI as Z scores led to weaker and nonsignificant effect estimates. We observed no associations between overweight and Values are changes in Z score for Rint or in sympercent for FENO, and ORs for wheezing and asthma (95% CI) from linear and logistic regression models. ''n'' represents the number of total group (Rint, FENO) or the number of cases per total group (wheezing, asthma). Z score was categorized into ''low'' (Z score <21.00), ''normal'' (Z score > _21.00 and < _1.00), and ''high'' (Z score >1.00). Full models were adjusted for maternal age, prepregnancy BMI, educational level, history of asthma and atopy, psychological distress during pregnancy, parity, smoking during pregnancy, child's sex, gestational age at birth, birth weight, ethnicity, breast-feeding, pet keeping, physical activity, lower respiratory tract infections, and current height. *P < .01. P < .05.
obesity with childhood asthma. This difference might be explained by the young age of our subjects and our broad definition of ever asthma, which might have comprised multiple asthma phenotypes including those with asthma symptoms at a young age due to respiratory infections. A recent multicenter crosssectional study comprising 10,652 children aged 8 to 12 years reported that overweight and obese children had a 1.14-and 1.67-fold increased risk of wheezing, respectively. 22 We observed similar effect sizes, and also took growth and socioeconomic and lifestyle-related factors into account.
Previous studies that examined the association of BMI with lung function obtained by spirometry in children reported inconsistent results. Among 8-to 12-year-old children, crosssectional analyses showed that childhood obesity was associated with a 2.5% lower FEV 1 /forced vital capacity (FEV 1 /FVC). 22, 23 Others reported that obesity was not associated with changes in FVC, 24 or with higher FEV 1 and FVC. 25, 26 In the latter studies, the effect estimate for the association of obesity with FEV 1 was twice smaller than with FVC, which implies that a higher BMI was associated with more obstruction if FEV 1 /FVC was used. 25, 26 These results are in line with our observed association of BMI with increased respiratory resistance when we used Rint.
Studies that examined associations between adiposity and FENO are scarce and showed that higher BMI, percent body fat, and waist circumference were associated with an increased risk of current asthma in individuals with a low to normal FENO, 26 or showed no associations between BMI and FENO. 27, 28 Differences in results with our study might be explained by the limitations of BMI, which does not distinguish fat mass from free-fat mass, the use of different obesity measures such as waist circumference, and age at time of measurement.
Of the specific body fat mass measures, we observed that a high fat mass index and a high android/gynoid fat mass ratio were associated with a higher Rint and lower FENO, respectively. In contrast with the android/gynoid fat mass ratio, a measure of waist-hip ratio, a high preperitoneal fat mass was not associated with Rint but was associated with a high FENO. When we mutually adjusted android/gynoid ratio and preperitoneal fat area and their associations with FENO, the size and the directions of the effect estimates remained, suggesting independent opposite effects of android/gynoid fat mass ratio and preperitoneal fat. Also, we did not observe any interaction between physician-diagnosed inhalant allergies of the child and any fat measure for the associations with Rint, FENO, wheezing, and asthma. Several studies assessed the associations of specific body fat measures with lung function and asthma. In a study among 327 children with asthma aged 10 years and 351 matched controls in Puerto Rico, a higher BMI was associated with a higher FEV 1 and FVC, and increased risk of asthma (OR [95% CI], 1.27 [1.1-1.5], per Z -score increase in BMI). 29 A greater waist-hip ratio, waist circumference, and percentage body fat were associated with a higher FVC, and a greater waist circumference with a lower FEV 1 /FVC. Three central obesity indicators (waist-hip ratio, waist circumference, and waist-to-height ratio) consistently showed stronger dosedependent associations with active asthma in a population of 2758 schoolchildren than did BMI. 30 Besides age of participants, differences in study designs and methods of fat mass distribution measurements could explain differences with our results. We also assessed associations of preperitoneal and subcutaneous fat mass with lung function and asthma.
Interpretation of results
We observed that higher BMI was associated with higher Rint and increased risk of wheezing, high fat mass index with higher Rint, and android/gynoid fat mass ratio and preperitoneal fat mass with lower and higher FENO, respectively. A higher BMI and obesity were also associated with current wheezing, but not with ever physician-diagnosed asthma. This difference could be explained by differences in the definition of current wheezing and ever physician-diagnosed asthma. Current wheezing reflects obstructive respiratory symptoms most commonly due to asthma at age 6 years, whereas ever physician-diagnosed asthma could partly reflect respiratory symptoms due to recurrent lower respiratory tract infections in early life. Respiratory symptoms due to recurrent lower respiratory tract infections are difficult to clinically distinguish from respiratory symptoms due to asthma at younger ages.
Because of the observational design of our study, we cannot draw conclusions about causality. However, support for our findings comes from animal studies, which have shown that inflammatory adipokines, mainly leptin and adiponectin, are secreted by adipose tissue. 31 Leptin increases airway inflammation and responsiveness, 32 whereas adiponectin reduces airway hyperreactivity and inflammation. 33 Leptin is a member of the IL-6 family of cytokines and elevated levels affect allergeninduced T cells and bronchial epithelial cells through TNF-arelated IL-4 and IL-5, 34 and histamine release. 35 Leptin decreases the airway diameter in mice through the inhibition of central cholinergic tone, 36 a parasympathetic effect. Visceral fat, as opposed to subcutaneous fat, exhibits relatively higher levels of adiponectin production in lean animals. 37 Higher adiponectin levels lead to lower inflammatory responses reflected by decreased neutrophil recruitment and lower expression of inflammatory markers in mice when exposed to ozone. 38 Obese mice have reduced serum adiponectin levels and increased eosinophil levels in bronchoalveolar lavage fluids and the peribronchovascular space. 39 Thus, animal studies show that adiposity could affect airway obstruction and inflammation. Human studies on the adiposity-asthma relation through leptin and adiponectin are scarce, mostly performed in adults, and show conflicting results. A recent study mainly in children with asthma aged 8 years showed that higher leptin plasma concentrations were associated with a lower FEV 1 , but not with FENO and sputum eosinophils. 40 We observed that regional fat measures were associated with changes in FENO. An underlying mechanism could be that larger fat depots lead to an increase in arginase relative to L-arginine concentration, and lower FENO. This is because NO is produced from L-arginine by the NO synthase family of enzymes and arginase is a biological competitor with NO synthase for L-arginine, which could lead to changes in FENO levels, as known in children with asthma. 41, 42 In humans, an increase in BMI has been associated with lower FENO. 43, 44 Also, lower arginine levels and higher arginase activity have been associated with lower FEV 1 , FEV 1 / FVC, and FENO. 45 We observed that a higher preperitoneal fat area was associated with a lower Rint and higher FENO, whereas subcutaneous fat area was not associated with any outcome. Visceral fat is known to be a better marker for inflammatory status, and risk factor for metabolic and cardiovascular outcomes, than is subcutaneous fat mass. 5 Also, animal studies showed that increased nutrient intake in lean rats increased the expression of leptin more in visceral fat and plasma than in subcutaneous fat. 46 In a study among 799 11-year-old children, a higher trunk-to-extremity fat ratio, which is a surrogate of visceral fat, was associated with lower serum adiponectin levels. 47 In a study among 394 adults, both leptin and adiponectin were associated with higher central body fat distribution, and serum adiponectin concentrations seemed determined predominantly by the visceral fat compartment. 48 Regarding the Larginine metabolism, a recent study showed that the addition of arginase in subcutaneous fat deposits of morbid obese individuals reduced vasodilation, whereas this was not observed in the visceral tissues of these individuals. Furthermore, their visceral fat tissue exerted greater expression of proinflammatory oxidative stress-related, hypoxia-induced, and proangiogenic genes with increased macrophage populations. This suggests that the visceral microenvironment, as opposed to subcutaneous fat tissue, may affect systemic health. 49 Also, in mice models, L-arginine decreased fat accumulation in visceral fat, 50 even in rats with high BMI. 51 Thus, a local fat depot-specific expression of adipokines and increased arginase levels might be contributing to the pathogenesis of asthma.
The different directions for the associations of android/gynoid fat mass ratio and abdominal preperitoneal fat area with FENO could be explained by their different locations. The android area contains both preperitoneal and subcutaneous fat deposits. The android/gynoid ratio, a proxy of waist-hip ratio, is a practical index of central adipose tissue distribution. 11 In a study among 30 girls, waist-hip ratio was not associated with visceral or subcutaneous fat deposits. 52 In adults, waist-hip ratio is a poor predictor of the distribution of adipose tissues among several fat compartments in the abdominal region. 53 Waist-hip ratio does not account for large variations in the level of total fat and abdominal visceral adipose tissues. 54 Among children, preperitoneal fat mass represents less than 10% of total abdominal fat. Therefore, android/gynoid fat mass ratio reflects fat depositions of different locations in the body, whereas the preperitoneal and subcutaneous fat areas reflect the effects of 2 different fat tissue types localized in the abdomen. Thus, our results suggest that the associations between obesity and asthma might be driven by local fat deposits, and not by general adiposity. Specific underlying pathophysiological mechanisms for differences in direction of android/gynoid fat mass ratio and abdominal preperitoneal fat area with FENO need to be explored.
An alternative hypothesis proposes that a higher central body fat mass distribution exerts mechanical effects on the lungs, such as diminished tidal lung volumes, due to deposition of adipose tissue in the chest and abdomen, and around the airways, which might result in lower functional vital capacity. 3 In the present study, a higher total fat mass index was associated with a higher respiratory resistance. We did not observe associations of a higher android/gynoid fat mass ratio with higher respiratory resistance. Studies focused on persistent or increasing total and abdominal fat mass and the risk of higher respiratory resistance and subsequently risk of wheezing or asthma among children in later life are needed.
Strengths and limitations
A strength of this cross-sectional study in a population-based cohort is the use of detailed respiratory outcomes and adjustment for many relevant growth, sociodemographic, and lifestyle covariates. However, some methodological considerations need to be discussed. Biased effect estimates in longitudinal studies mainly occur because of loss to follow-up. We observed that children lost to follow-up more often had unfavorable growth, socioeconomic, and lifestyle factors, which suggests that followup was selective. We did not have data on forced oscillation, which is suggested to provide a more reliable evaluation of bronchial obstruction compared with the interrupter technique. 55 We used the interrupter technique to assess bronchial patency because this is one of the very few methods that can successfully be applied to young children in the setting of an epidemiological study. When used in a standardized way according to recommendations, the expiratory interrupter resistance has good feasibility, repeatability, and biological validity for the detection of airways obstruction, 56 and appropriate reference data for commercial Rint devices are available. 57 Its diagnostic value compared with forced oscillation and multiple breath washout, 2 other techniques that can be used in young children, is still debated because very few comparative studies have been published and these widely differ in patient selection criteria. 58 Although the use of International Study on Asthma and Allergy in Childhood-based questionnaires is a standardized and widely accepted method to identify children at risk for asthma, reporting bias might have occurred, 16 resulting in either overestimations or underestimations of the true associations. When absolute values of BMI (kg/m 2 ) and Rint (kPa/L/s) were used, an increase of 1 kg/m 2 in BMI was associated with an increase of 0.005 kPa/L/s (95% CI, 0.001-0.010) in Rint. This effect estimate is small and replication studies using Rint as outcome at this age are therefore needed. Also, the prevalence of children with underweight and obesity was low (0.9% and 4.5%, respectively), which could have affected the power of our study. We categorized fat measures to assess possible nonlinear associations and for easier clinical interpretation, although methods of cutoffs and the use of categorization could be argued. 59 We also adjusted associations of total body and abdominal fat mass measures with Rint, FENO, wheezing, and asthma for BMI. The correlation between total body and abdominal fat mass measures and BMI was moderate (Pearson correlation, 0.46-0.63) and might have introduced multicollinearity. Despite this, most effect estimates remained similar in size and direction. Last, we assessed both body fat profile and Rint, FENO, wheezing, and asthma in a cross-sectional setting, and therefore we cannot distinguish the direction of causation between body fat profile measures, Rint, FENO, wheezing, and asthma.
Conclusions
A higher BMI was associated with higher Rint and increased risk of wheezing in school-age children. Abdominal body fat mass distribution may affect Rint and FENO. Detailed body fat distribution measures might be better measures to understand the obesity-asthma paradigm.
Key messages
d The associations between obesity and asthma are at least partly driven by local fat deposits such as visceral fat, and not by general adiposity, leading to changes in airway function and inflammation.
d Detailed body fat distribution measures might provide better insight into the obesity-asthma paradigm.
METHODS

Childhood body fat profile
At age 6 years, height and weight were measured by a stadiometer (Holtain Limited, Crosswell, Crymych, United Kingdom) and mechanical personal scale (SECA 888, Almere, The Netherlands), respectively. Total body and regional fat mass percentages were measured with a dual-energy x-ray absorptiometry scanner (GE-Lunar, 2008, Madison, Wis), and analyzed with enCORE v.12.6.
E1 Abdominal ultrasounds were used to measure subcutaneous fat and preperitoneal fat, as a measure of visceral abdominal fat, as described in detail before.
E2,E3 Subcutaneous and preperitoneal fat mass areas were measured as areas of 2-cm length along the midline starting from the maximum preperitoneal distance in the direction of the navel. We used the mean values of 3 measures. The intraobserver reproducibility and the intraclass correlation coefficients ranged from 0.93 to 0.97. Subcutaneous and preperitoneal fat mass values were log-transformed to obtain normal distributions.
Childhood lung function
Rint was measured with MicroRint (MicroMedical Ltd, Rochester, Kent, United Kingdom). Children with severe respiratory tract infections were not examined. During Rint measurement, the child was sitting upright on a chair with the neck slightly extended, quietly breathing through a mouthpiece with filter. A nose clip was used to ensure that the child could breathe only through the mouth. Cheeks and chin were supported by the investigator, to reduce upper airway compliance. Occlusion occurred in a random pattern to avoid anticipation by the subject tested. A maximum of 10 tracings was obtained with each measurement. Rint measurements were defined ''acceptable'' on the basis of American Thoracic Society/European Respiratory Society recommendations E4 and comprised a proper trace of mouth pressure (no decrease or flat line, suggesting air leakage), regular breathing, and no signs of tongue movements or vocalization. The trained study staff making the judgment for acceptable readings was not informed on the research aims. Outliers with a Rint value of more than 2.5 kPa/L/s were excluded (n 5 4). Median values for at least 5 acceptable Rint measurements were calculated.
Airway inflammation was measured online as FENO in ppb using the NIOX Flex chemiluminescence analyzer (Aerocrine AB, Solna, Sweden) according to recommendations from the European Respiratory Society and the American Thoracic Society.
E4,E5 The children were instructed to quit steroid medication 24 hours before the FENO test if applicable. The children exhaled directly into the NO analyzer single breath online at a constant flow of 50 mL/s. When the child breathed a perfect flow, the device reported a FENO value. When the flow was suboptimal, 2 FENO values were detected from the graph given by the device and registered by the research assistant. Medians and ranges of these values did not differ from values given by breathing with a perfect flow and were therefore included in the analysis. Also, results did not differ when FENO values obtained by suboptimal flow were excluded from the analyses.
Statistical analyses
To assess the influence of possible confounders, models were adjusted for growth, socioeconomic, and lifestyle factors, including maternal age, prepregnancy BMI, educational level, history of asthma and atopy, psychological distress during pregnancy, parity, smoking during pregnancy, and child's sex, gestational age at birth, birth weight, ethnicity, breast-feeding, pet keeping, physical activity, lower respiratory tract infections, and current height. To reduce the potential bias due to missing data on our covariates, we performed multiple imputation generating 10 data sets by Markov Chain Monte-Carlo and used the pooled estimates. E6 No major differences in the magnitude or direction of the effect estimates were observed between analyses with imputed data and complete cases only. We only present the results based on imputed data sets. Values are changes in Z score for Rint or in sympercent for FENO, and ORs for wheezing and asthma (95% CI) from linear and logistic regression models. ''n'' represents the number of total group (Rint, FENO) or the number of cases per total group (wheezing, asthma). Full models were adjusted for maternal age, prepregnancy BMI, educational level, history of asthma and atopy, psychological distress during pregnancy, parity, smoking during pregnancy, and child's sex, gestational age at birth, birth weight, ethnicity, breast-feeding, pet keeping, physical activity, lower respiratory tract infections, and current height. *P < .05. P < .01. 
